A bacterial strain, designated T16E-198 T , was isolated from the rhizosphere of tomato plant collected from a farm on Buyeogun, Chungcheongnam-do, South Korea. The strain was aerobic, Gram-stain-negative, rod-shaped, non-flagellated and yellow-pigmented. Strain T16E-198 T was mesophilic, catalase-and oxidase-positive and with flexirubin-type pigments. A phylogenetic tree based on 16S rRNA gene sequences showed that strain T16E-198 T formed a lineage with Parafilimonas terrae 5GHs7-2 T , sharing highest sequence similarity of 98.4 % with it and less than 93 % with all the other validly published species. The major fatty acids were iso-C 15 : 0 , iso-C 17 : 0 3-OH and iso-C 15 : 1 G. The predominant menaquinone was MK-7. The polar lipids were phosphatidylethanolamine, one unknown aminophospholipid, five unknown aminolipids and five unknown lipids. The DNA G+C content was 41.2 mol%. On the basis of the phenotypic, phylogenetic and chemotaxonomic data presented, strain T16E-198 T is considered to represent a novel species of the genus Parafilimonas, for which the name Parafilimonas rhizosphaerae sp. nov. is proposed; the type strain is T16E-198
The genus Parafilimonas was created for one bacterial strain isolated from greenhouse soil, and, at the time of writing, the only recognized species is Parafilimonas terrae [1] . The genus was created as a new member of the family Chitinophagaceae, which was proposed by K€ ampfer et al. [2] . The genus Parafilimonas was characterized as Gram-stainnegative, aerobic, short-rod-shaped, non-flagellated and catalase-positive. Chemotaxonomically, it contained menaquinone-7 (MK-7) as the only quinone, and iso-C 15 : 0 , iso-C 17 : 0 3-OH and iso-C 15 : 1 G as the major fatty acids. The major polar lipid was phosphatidylethanolamine, and the DNA G+C content was 47.6 mol%.
During a study of the bacterial population structure of the rhizosphere of tomato plants, a novel strain designated T16E-198 T was isolated. A tomato plant was collected in Buyeogun, Chungcheongnam-do, South Korea (36 17¢ 36.25 † N 126 55¢ 54.25 † E). The rhizosphere soil of the tomato plant was serially diluted in sterilized water, and plated on R2A medium (BD). The plates were aerobically incubated at 28 C for 5 days and several single colonies were purified by transfer onto new agar plates. Among them, strain T16E-198 T was chosen for further study, and preserved at À80 C in R2A broth supplemented with 15 % (v/v) glycerol.
Chromosomal DNA was isolated with a Wizard Genomic DNA Purification kit (Promega). The 16S rRNA gene was amplified using the universal primer set 9F and 1512R [3] and the PCR product was sequenced by Genotech. The almost complete sequence obtained was 1466 bp in length and deposited in NCBI GenBank (www.ncbi.nlm.nih.gov/). Levels of sequence similarity between strain T16E-198 T and closely related species were calculated through the EzTaxone server (http://eztaxon-e.ezbiocloud.net/; [4] ). Multiple alignments with the corresponding sequences obtained from the GenBank/EMBL/DDBJ databases were carried out using the SILVA Incremental Aligner [5] . The software package MEGA version 6 [6] was applied to reconstruct the phylogenetic tree. The tree was drawn on the basis of three tree-making algorithms: the neighbour-joining [7] , maximum-parsimony [8] and maximum-likelihood [9] algorithms. The topologies of the phylogenetic trees were assessed by bootstrap analysis [10] based on 1000 replications. According to the 16S rRNA gene sequence analysis, strain T16E-198 T showed the highest similarity of 98.4 % with P. terrae 5GHs7-2 T , and less than 93 % sequence similarity to all other validly published strains. The neighbourjoining tree ( Fig. 1) showed that strain T16E-198 T formed a single clade with P. terrae 5GHs7-2 T , which was firmly supported by a high bootstrap value. This result was also confirmed by the maximum-parsimony and maximum-likelihood trees (Fig. 1 ).
For phenotypic characterization, cells of strain T16E-198 T and P. terrae KACC 17343 T were cultivated on R2A agar medium at 28 C for 2 days unless otherwise mentioned. Cell morphology was observed by phase-contrast (AX10; Carl Zeiss) and transmission electron (LEO model 912AB) microscopy. Gram-staining was tested using a Gram staining kit (Difco), according to the manufacturer's instructions. Anaerobic growth was tested on R2A agar incubated in an anaerobic jar (BBL) for 7 days. Motility was assessed in R2A medium containing 0.4 % agar [11] . The production of flexirubin-type pigments was observed as described by Bernardet et al. [12] . The temperature range for growth was determined using R2A agar at 4, 10, 15, 20, 25, 30, 37, 40 and 45 C for 15 days. pH range was checked in R2A broth adjusted to pH 4-10 (0.5 pH unit intervals) with citrate/phosphate buffer (pH 4.0-7.0, each at a final concentration of 25 mM), Tris/hydrochloride buffer (pH 7.5-9.5, each at a final concentration of
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Heliimonas saccharivorans L2-4 T (JX458466) 25 mM) and carbonate/bicarbonate buffer (pH 10.0, each at a final concentration of 25 mM) [13] for 7 days. Tolerance to NaCl was checked in R2A broth supplemented with 0, 0.5, 1.0, 1.5 and 2 % (w/v) NaCl for 7 days. Catalase and oxidase were tested by observing bubble production in 3 % (v/v) hydrogen peroxide solution and a colour change in 1 % (w/v) tetramethyl-p-phenylenediamine (bio-M erieux), respectively. Substrate hydrolysis was checked after 15 days of incubation using R2A agar medium supplemented with the following substrates: casein (1 %, w/v), CM-cellulose (1 %, w/v), hypoxanthine (0.5 %, w/v), starch (1 %, w/v), Tween 80 (1 %, w/v), tyrosine (0.1 %, w/v) or xanthine (0.5 %, w/v) [14] . The DNase test was conducted on DNase test agar (Difco). API 20NE, API ID 32GN, API 50CH and API ZYM kits (bioM erieux) were used to determine biochemical properties, assimilation of carbohydrates, acid production from carbohydrates and enzymatic activities, according to the manufacturer's instructions.
Cells were aerobic, Gram-stain-negative, non-flagellated, non-motile, mesophilic and rod-shaped (Fig. S1 , available in the online Supplementary Material). Colonies were yellow and irregular after 3 days of incubation on R2A medium at 28 C. Strain T16E-198 T could be differentiated from P. terrae KACC 17343
T on the basis of cell size, oxidase and pH range for growth as well as substrate hydrolysis and acid production. The differential properties between strain T16E-198 T and P. terrae KACC 17343 T are shown in Table 1 .
For whole cell fatty acid analysis, cells of strain T16E-198 T and P. terrae KACC 17343 T were grown on R2A agar for 2 days to the exponential phase of growth. Fatty acid methyl esters were prepared and analysed according to the standard protocol of MIDI (Sherlock Microbial Identification System, version 5.0) and identified by the TSBA 50 database of the Microbial Identification System [15] . Menaquinones and polar lipids were extracted and analysed using cells grown in R2A broth at 28 C according to the method of Minnikin et al. [16] . Polar lipids were examined using two-dimensional TLC. Total polar lipids were detected by spraying with molybdophosphoric acid, and specific functional groups containing lipids were detected with the following spraying reagents: ninhydrin for free amino groups, molybdenum blue for phosphoruscontaining lipids, a-naphthol for sugars and Dragendorff's solution for quaternary nitrogen. The fatty acids of strain T16E-198 T comprised iso-C 15 : 0 (33.6 %), iso-C 17 : 0 3-OH (27.2 %) and iso-C 15 : 1 G (19.7 %) as major components, and summed feature 3 (C 16 : 1 !7c and/or iso-C 15 : 0 2-OH; 6.7 %), C 16 : 0 (4.1 %), iso-C 15 : 0 3-OH (4.1 %) and C 16 : 0 3-OH (3.6 %) as minor ones (Table 2 ). This fatty acid composition was similar to that of P. terrae KACC 17343 T despite some minor differences between them. According to the polar lipid data (Fig. S2) , the polar lipids of strain T16E-198 T were phosphatidylethanolamine, one unknown aminophospholipid, five unknown aminolipids and five unknown lipids. The reference strain P. terrae KACC
17343
T also contained phosphatidylethanolamine, an unknown aminophospholipid, and several aminolipids and lipids. Despite the differences in the polar lipids such as some aminolipids and lipids, the two strains shared the very similar polar lipids. The quinone of strain T16E-198 T was predominantly MK-7, which is consistent with that of P. terrae KACC 17343
T .
The DNA G+C content was calculated with the fluorometric method [17] using SYBR Green 1 and a real-time PCR thermocycler (Bio-Rad). The DNA G+C content of strain T16E-198 T was 41.2 mol%, which is lower than that of P. terrae KACC 17343 T (47.6 mol%).
DNA-DNA hybridization was performed as described by Seldin and Dubnau [18] . Probes were labelled using the non-radioactive DIG High Prime DNA Labelling and Detection Starter kit II (Roche Molecular Biochemicals). The hybridized DNA was visualized using the DIG luminescent detection kit (Roche Molecular Biochemicals). DNA-DNA relatedness was quantified with a densitometer (Bio-Rad). The hybridization value between strain 
T16E-198
T and P. terrae KACC 17343 T was 22±4 % (reciprocal value of 28±3 %). This means that strain T16E-198 T should be classified within a novel species different from P. terrae [19] .
On the basis of the phenotypic and chemotaxonomic characteristics, combined with the results of phylogenetic analysis, strain T16E-198 T is suggested to represent a novel species within the genus Parafilimonas, for which the name Parafilimonas rhizosphaerae sp. nov. is proposed.
DESCRIPTION OF PARAFILIMONAS RHIZOSPHAERAE SP. NOV.
Parafilimonas rhizosphaerae (rhi.zo.sphae¢rae. N.L. gen. n. rhizosphaerae of the rhizosphere). The type strain is T16E-198 T (=KACC 18786 T =JCM 31601 T ), isolated from rhizosphere soil of tomato plant which was collected at a farm on Buyeo-gun, Chungcheongnam-do, South Korea. The DNA G+C content of the type strain is 41.2 mol%.
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